FORCED AIR COOLING SYSTEM 



TECHNICAL FIELD 

[0001] The present invention relates to gas turbine engines, 
and most particularly to cooling systems for such engines 
that are used as auxiliary power units on airplanes. 

BACKGROUND OF THE INVENTION 

[0002] Auxiliary power units require a certain amount of 
cooling air to cool the engine. 

[0003] Active cooling systems typically comprise an active 
fan used to push air through the oil cooler and across 
auxiliary power unit components. These fans are driven at 
high speeds by the APU through a complex shaft and gear 
assembly. 

[0004] Accordingly, there exists a need for an improved 
auxiliary power unit cooling system which is reliable and 
of relatively simple construction. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an aim of the present invention to 
provide an improved cooling system for an auxiliary power 
unit on an airplane. 

[0006] Therefore, in accordance with the present invention, 
there is provided a forced air cooling system for an APU 
housed within a compartment, the forced air cooling system 
comprising: at least one inlet opening for providing air to 
an oil cooler; an exhaust opening in the compartment; the 
oil cooler being located in the compartment; a plenum in 
fluid communication with the exhaust opening, and with the 
oil cooler; and' a compressor rotated by a rotating shaft of 
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the APU such that the compressor and rotating shaft rotate 
at a same speed, the rotating compressor induces a cooling 
air flow through the oil cooler. 

[0007] Also in accordance with the present invention, there 
is provided a gas turbine engine comprising: at least one 
rotating shaft; at least a first compressor rotated by the 
rotating shaft; a combustor in fluid communication with the 
first compressor, the combustor producing an exhaust flow; 
at least one turbine in fluid communication with the 
combustor, the turbine extracting energy from, the exhaust 
flow and driving the rotating shaft; an oil cooler 
receiving lubrication oil from at least the turbine section 
in a closed circuit; an exhaust opening in fluid 
communication with the turbine section for evacuating the 
exhaust flow; a cooling air passage providing serial 
communication between the oil cooler and the exhaust 
opening; and an auxiliary compressor directly driven by the 
rotating shaft, the auxiliary compressor being located 
downstream of the turbine and within the cooling air 
passage, the auxiliary compressor reducing an air pressure 
between the auxiliary compressor and the oil cooler, 
thereby inducing a cooling air flow through the oil cooler 
and out of the exhaust opening. 

[0008] Further in accordance with the present invention, 
there is provided a method for cooling a gas turbine 
engine, the method comprising the steps of: rotating a 
turbine section of the gas turbine engine such as to drive 
a rotating shaft; flowing oil lubricating parts of at least 
the turbine section of the gas turbine engine through an 
oil cooler; driving an auxiliary compressor with the 
rotating shaft, the auxiliary compressor being located 
downstream of the turbine section; generating a pressure 
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differential between opposed sides of the oil cooler with 
the compressor; inducing a cooling air flow through the oil 
cooler with the pressure differential; and cooling the oil 
within the oil cooler with the cooling air flow, thereby 
cooling the gas turbine engine. 

[0009]. Further details of these and other aspects of the 
present invention will be apparent from the detailed 
description and Figures included below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Reference is now made to the accompanying Figures 
depicting aspects of the present invention, in which: 

[0011] Fig. 1 is a partial cross sectional schematic 
illustration of a forced air cooling system of the 
auxiliary power unit installation in accordance with the 
present invention; and 

[0012] Fig. 2 is a partial cross sectional schematic 
illustration showing an alternative to the forced air 
cooling system of Fig.l. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0013] Referring to Fig. 1, an auxiliary power unit (APU) 
installation comprising the elements of the present 
invention is generally indicated at 10. The APU 
installation 10 is principally comprised of a gas turbine 
engine or power plant 12 generally including in serial flow 
communication a compressor for pressurizing air, a 
combustor 16 in which the compressed air is mixed with fuel 
and ignited for generating an annular stream of hot 
combustion gases, and a turbine section 18 for extracting 
energy from the combustion gases. A rotating shaft or 
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shafts 20 extends within the power plant 12 and transfers 
energy from the turbine section 18 to the compressor, the 
load compressor (not shown) and the electrical generators 
(not shown) . The APU installation 10 also includes an oil 
cooler 22. The oil cooler 22 is an oil to air heat 
exchanger through which oil lubricating various elements of 
the power plant 12 is circulated for cooling, of any- 
appropriate type and geometry. 

[0014] Both the gas turbine power plant 12 and the oil cooler 
22 are located within an auxiliary power unit compartment 
24 . The oil cooler 22 may be ducted to the outside of the 
compartment, or may draw air from the compartment, or 
elsewhere. This compartment 24 is defined for the purposes 
of the present invention as any dedicated enclosed 
compartment or enclosure, generally . although not 
essentially located within the aircraft tailcone. The 
compartment 24 is preferably an aft compartment in the 
aircraft which is at least partly defined by an aircraft 
exterior skin surface (not shown) . 

[0015] The exterior skin surface of the compartment 24 
includes a rear exhaust opening 2 8 and a main air inlet 
opening (not shown) . The main air inlet opening in the 
exterior skin surface allows air to be drawn from outside 
the aircraft by the power plant compressor 34, which can 
include a load compressor and a core compressor, and 
provides air to the aircraft environmental control system 
(ECS) and the gas turbine power plant 12. This air is 
directed from the main air inlet opening 30 to the 
compressor by an air inlet duct . Exhaust gas from the power 
plant 12 is evacuated through the rear exhaust opening 28. 

[0016] The oil cooler 22 is provided with cooling air through 
a first inlet (not shown) . The nature and configuration of 
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the inlet and the means by which cooling air is supplied to 
the oil cooler is not material to this invention. 

[0017] Referring to Fig.l, the exhaust flow reaches the rear 
exhaust opening 28 through an annular exhaust passage 41. 
Exhaust struts 42 are provided across the exhaust passage 
41 for structural reinforcement. A cone 34, concentric with 
the exhaust passage 41, is located upstream of the exhaust 
opening 28, such that an annular cooling passage 43 is 
defined between the cone 34 and the exhaust passage 41. A 
plenum 40 extends around a casing of the power plant 12 
immediately upstream of the cone 34 and is radially aligned 
with a row of the exhaust struts 42. The plenum 40 is in 
fluid communication, with the the oil cooler 22. The plenum 
40 is also in fluid communication with the cooling passage 
43 through the exhaust struts 42, such that the cooling air 
flow can go through the exhaust passage 41 without being 
mixed with the exhaust flow. The exhaust passage 41 and the 
annular cooling passage 43 merge upstream of the exhaust 
opening 28, at the, downstream extremity of the cone 34, 
such that the exhaust flow and cooling flow are evacuated 
together. It is also considered to provide separate exhaust 
openings for the exhaust flow and the cooling flow. 

[0018] A high efficiency centrifugal impeller 44 is supported 
on an impeller shaft 46 which extends coaxially with the 
rotating ■ shaft 20 of the power plant 12, downstream of the 
turbine section 18. The impeller 44 can be an auxiliary 
centrifugal compressor impeller. The impeller shaft 46 is 
keyed onto the rotating shaft 2 0 such that the impeller 44 
turns at the same speed as the turbine of the power plant . 
The impeller 44 is located immediately upstream of the cone 
34, generally in axial alignment with the plenum 40, i.e. 
the plenum 40 extends around the impeller 44. Depending on 
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the power plant configuration, the impeller 44 can be 
either cantilevered from a turbine -bearing (not shown), 
St raddle -mounted between the turbine bearing and a second 
bearing (not shown) , or the turbine bearing can be moved 
downstream of the impeller 44. In any event, no gear train 
is required for driving the impeller 44, which provides for 
a simple design with high reliability due to a limited 
number of components . 

[0019] The impeller 44, rotated directly by the power plant 
12, will pressurize the air in the cooling air passage 43, 
which will be evacuated through the exhaust opening 28 
together with the exhaust flow of the power plant 12 . The 
impeller 44 will thus reduce the air pressure in the plenum 
40. The pressure differential across the oil cooler 22, 
induced by the compressor 44, will force air through the 
oil cooler 22. This cooling air flow is illustrated in the 
Figures by the reference numeral 48 while the exhaust flow 
is indicated by the reference numeral 50. 

[0020] This arrangement will thus create a flow of cooling 
air through the oil cooler 22, thereby providing oil 
cooling through heat exchange between the air and oil. The 
cooling air volume flow can be adjusted by proper selection 
of the profile of the impeller 44. Optionally, the present 
invention may also be used to draw cooling air into the 
compartment for external cooling of the APU components. 

[0021] In addition to being efficient, compact and simple, 
the described system presents an additional advantage. 
Since the impeller discharge pressure will be slightly 
higher than the turbine exhaust pressure, the exhaust 
velocity will be greater. This higher velocity will tend 
to accelerate the turbine exhaust flow and so lower the 
engine back pressure which will cause a lower engine back 
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pressure. This will improve the overall efficiency of the 
gas turbine power plant . 

[0022] Referring to Fig. 2, an alternative embodiment of the 
cooling system is presented. This embodiment is similar to 
the previous embodiment described, with like elements being 
represented by like reference numerals. However, the 
auxiliary centrifugal compressor impeller 44 is replaced by 
an axial compressor 44'. This system presents the above- 
mentioned advantages over the prior systems. 

[0023] The embodiments of the invention described above are 
intended to be exemplary. Those skilled in the art will 
therefore appreciate that the forgoing description is 
illustrative only, and that various alternatives and 
modifications can be devised without departing from the 
spirit of the present invention. Accordingly, the present 
is intended to embrace all such alternatives, modifications 
and variances which fall within the scope of the appended 
claims . 
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